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$y’=y+ \frac{\epsilon}{2\pi}\sin(2\pi X)$ , $x’=x+y’$ (mod 1), (1)
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$\omega=\lim_{n’-narrow}x,\frac{\prime-x_{n}}{-n}\infty^{A}n$ ’(mod ) ( $\Gamma(\omega)$
) $\omega_{1}(1,\omega),\omega=\simeq^{\omega}$ KAM $\Gamma(\omega)$ $\omega$
$\omega$
$\omega$ 2 2
\epsilon $\Gamma(\omega)$ $-J\mathrm{s}$ $-$
$\Gamma(\omega)$ \check i’ [11]








$\omega$ { $p_{n}/q_{n}=[a_{0},$ $a_{1},$ $\cdots,$ a]n} $a_{n}$
$\mathrm{n}$ [2]
$(\mathrm{c}1)p_{n}/q_{n}$ $\omega$ $|| \alpha||=\min|\alpha-n|$ $(n=0, \pm 1, \pm 2, \cdots)$
$\text{ }|q_{n}\omega-p_{n}|=||q_{n}\omega||$ $||q\omega||>||q_{n}\omega||(1\underline{<}q<q_{n})$ .
(c2) $p_{n}/q_{n}$ $\omega$ $p_{n}/q_{n}-\omega$ $n$
$(\mathrm{C}3)q_{n}/q_{n-1}=[a_{n}, an-1, \cdots, a1](n\geq 1)$ .
$(\mathrm{c}4)\omega$ 2 $\omega$ $k$
$n$ $a_{n+k}=a_{n}$ ,
(c5)




$y=y’=\omega$ , $x’=x+y’$ mod 1
$p_{n}/q_{n}$ $y\equiv p_{n}/q_{n}$ $x=0$


















1 $T^{1}$ $-$ $\theta’=\theta+1/\gamma$ $\Gamma(1/\gamma)$

























$(\omega_{1} , \omega_{2})\in[0,1)^{2}$ $(_{rr}^{2\mathrm{g}},)$ [5]
golden mean $\gamma$ $-$ $(\mathrm{k},1)$ golden mean
$[a, a, \cdots]$ $a,$ $k,$ $l$
J-P algorithm
$(\mathrm{k},1)$ golden mean $\alpha=[a, a, \cdots]$









{( )} $(\lambda-k, 1/\lambda)$
$(k, l)=(0,2)$ 2
) 3
(2) $(k, l)=(\mathrm{O}, 2)$ { }
1 $-\gamma$




3, 4 [11] )
$\epsilon_{n}$ $\Gamma(1/.\gamma)$
residue $R=1$ $\mathrm{n}$
$\epsilon_{n}-\epsilon_{n-1}\sim\delta^{-n},$ $\cdot\delta=1.628\cdots$ , (3)
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[3] [3]









$p_{n}$ $q_{n}$ $r_{n}$ cl $\epsilon_{n}$ $c2$
1596 609 988 16150040 -0.9483991381049 a
2585 988 1596 16194357 -0.7202775636572 $\mathrm{b}$
4180 1596 2585 16168744 -0.9661171852539 -0.9279284
6766 2585 4180 16185690 -0.8997809438218 37059624
10945 4180 6766 16175907 -0.9622581122266 10617677
$c1=( \frac{qn-1}{r_{n-1}}-\frac{qn-2}{r_{n-2}})/(_{r}L_{\frac}^{n}-\frac{qn-1}{r_{n-1}})n$
’
$c2= \frac{\epsilon_{n-1}-\epsilon_{n-2}}{\epsilon_{n^{-\epsilon}n-1}}$ 8 a,b










[4] 2 $\gamma$ $c$ $\omega_{2}=\sqrt{2}-1$
$\omega_{3}=[0,2,1,1,2,2,1,1,2,2,1, \cdots]$ \epsilon [11]
$\epsilon_{\text{ }}(\omega_{2})\approx-0.9574\cdots$ , $\epsilon_{\text{ }}(\omega_{3})\approx-0.964\cdots$
diophantine const.









Liouville $\mathrm{r}_{n(\geq}2$ ) $\omega$ $=c(\omega)$
$p/q(q>0)$ $|\omega-pq|>$ $c(\omega)$
4. 3
1 $\gamma$ – 3
$\gamma$ – $(\omega_{1},\omega_{2})$
$\gamma$ 2 –
$(\mathrm{k},1)$ golden mean. Farey tree 2 – spiral




3 2 2 ?
2 (c4) 3








1 $\text{ }\cdots,$ $13,21,33,54,$ $\cdots$
( $1/\gamma$ – )
$\{(_{r}^{p_{\frac{n}{n}}}, \frac{q_{n}}{r_{n}})\}$ ”1 , $\omega_{2}$
$n$ $\omega_{1},$ $\omega_{2}$ $r_{n}$
– $\omega_{1}$ $\omega_{2}$
2 (c5) $\omega_{1}$ 2
$\vec{\omega}=(1, \omega_{1},\omega_{2})$ $\omega_{1}$ $\omega_{2}$ 2 . $\tilde{\omega}=0$
$\vec{n}\neq 0$ $\epsilon_{c}$ KAM
$\ldots$
$\omega_{1},\omega_{2}$ $a_{1},$ $a_{2},$ $a_{3},p,$ $q,$ $\Gamma,$ $S$
$a_{1}\omega_{1}^{2}+a_{2}\omega_{1}+a_{3}=0$ , $\omega_{2}=\ovalbox{\tt\small REJECT}\omega_{1}+\Delta r\omega_{1}+s$ ’ ps–qr $=\pm 1$ . $l,$ $m,$ $n$
$\triangle=n+m\omega_{1}+l\omega_{2}$ .
$\mathrm{o}$ $r=0$ $\triangle=n+m\omega_{1}+\frac{l}{s}(p\omega_{1}+q),$ $(n, m, l)=(-q, -p, s)$ $\text{ }$
$\mathrm{o}$ $r\neq 0$ $\triangle^{t}=\triangle(r\omega_{1}+s)=n(r\omega_{1}+s)+m\omega_{1}(r\omega_{1}+s)+l(p\omega_{1}+q)$
$=mr\omega_{1}^{2}+(nr+ms+lp)\omega_{1}+ns+lq$ .
$(\iota_{p+m}S+nrm\Gamma)=M=(p0$ $rs$ $r0)(ml)$ ,
$ns+lq$ $]$ $\iota n]$ $(q$ $0$ $s](n$
$\text{ }\det M=r^{2}$q–rps $=-r(ps-qr)\neq 0$
$M=$
$(l, m, n)\neq 0$ $\triangle’=0.r\neq 0$ $(r\omega_{1}+s)\neq 0$ , $\Delta=0$ .
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